ABSTRACT Objectives: To explore the relative importance of leisure time physical activity (LTPA), walking and jogging on risk of developing the metabolic syndrome (MS).
INTRODUCTION
The metabolic syndrome (MS) is a condition of accumulated risk factors of metabolic origin. 1 2 The risk factors include central obesity, hypertension, insulin resistance, impaired glucose tolerance and dyslipidaemia. 1 3-6 Moreover, the MS is characterised by a prothrombotic and a proinflammatory state. 1 7 There is an ongoing discussion on whether MS represents a disease in itself or merely a cluster of risk factors. 5 8 Regardless, abdominal obesity 1 and insulin resistance 1 9 play key roles in MS and a sedentary lifestyle along with dietary and genetic factors are thought to be implicated in the pathogenesis. 4 6 The high prevalence of MS in different populations 7 has led to several studies exploring the association between physical activity and MS risk. 3 4 6 10-13 Cross-sectional analyses have suggested that physical activity may prevent obesity as well as insulin resistance potentially reducing risk of MS development. 4 7 14 Similarly, cross-sectional studies have documented an inverse dose-response relationship between physical activity in
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leisure time and MS risk. 3 6 However, cross-sectional analyses limit causal inference making it impossible to determine whether a low physical activity level is the result of obesity as a central component of MS or if the MS develops as a consequence of physical inactivity. A handful of prospective studies have investigated the link and results have been conflicting. 9 10 15-17 Recent studies indicate that intensity rather than volume of physical activity is important to reduce cardiovascular risk. [18] [19] [20] [21] [22] Several of these studies have used walking volume (duration) and speed (intensity) and potential mechanisms are through improved metabolic fitness. The aim of this study was therefore to examine the effect of leisure time physical activity (LTPA) on MS risk by combining a cross-sectional and a longitudinal study design and further to provide information on the relative importance of intensity and volume of physical activity.
MATERIALS AND METHODS
The study is based on data from the Copenhagen City Heart Study (CCHS), a sex-stratified and age-stratified random sample of people living within a defined area of Copenhagen initiated in 1976 with follow-ups conducted in 1981-1983, 1991-1994 and 2001-2003 . The crosssectional analysis in the first part of the present study is based on data from the 10 135 people (5698 women, response rate 61.2%) aged 21-98 years participating in the CCHS3 (1991) (1992) (1993) (1994) . Of these, 2140 subjects died in the 10-year span between CCHS3 and CCHS4 (2001-2003) leaving 7995 subjects from CCHS3 who were invited to participate in CCHS4. However, 1692 were excluded from the longitudinal analysis due to having MS at baseline and 215 subjects were excluded due to missing values and lack of MS classification. Of the remaining 6088 participants free of MS at baseline, 3992 (65.6%) participated in the fourth survey.
Physical activity habits were assessed by selfadministered questionnaires originally constructed by Saltin and Grimby 23 and slightly modified for the CCHS. Questionnaires included LTPA, walking and jogging habits. We conceptualised volume of physical activity by LTPA and hours of walking, and intensity of physical activity as speed of walking and jogging. LTPA was classified as (1) Sedentary: sedentary or light physical activity (PA) (eg, slow walking/biking, light gardening work) <2 h/week, (2) Light PA: light PA 2-4 h/week, (3) Moderate PA: light PA>4 h/week or 2-4 h/week of more vigorous PA (eg, brisk walking, fast biking, heavy gardening work, sports that cause perspiration or exhaustion) and (4) High PA: more than 4 h/week of moderate PA or regular heavy exercise or competitive sports several times per week. Thus, LTPA integrates volume and intensity with level 2 reflecting primarily volume, level 4 primarily intensity and level 3 both. Categories 3 and 4 include structured exercise. Walking volume was reported as hours/day (h/day) in three categories: 0-0.5, 0.5-1.0 and >1 h/day. Walking speed was self-reported as slow, average, fast and very fast and subjects were asked to define themselves as joggers or non-joggers. To avoid inadequate group sizes the fast and very fast walking speed categories were merged. Similarly, in longitudinal analyses LTPA groups 3 and 4 were merged.
Smoking habits were classified in two categories (smokers/non-smokers), weekly alcohol consumption in four categories (0, 1-7, 8-21 and >21 units/week). Socio-economical variables included duration of schooling (0-7, 8-11 and >11 years), completed education (four categories), household income (four categories) and cohabitation (living alone or living with spouse/ partner or others).
Height and bodyweight were measured with the subjects wearing light indoor clothing and no shoes. BMI was calculated as the weight (kg) per height squared (m 2 ). Waist circumference (WC) was measured to the nearest millimetre by educated staff with the subjects standing with relaxed breathing. The measuring tape was placed directly on the bare skin midway between the lower rib margin and the iliac crest. Blood pressure was measured on the left arm in a sedentary position after at least 5 min rest (a London School of Hygiene sphygmanometer was used at all examinations). Non-fasting blood samples were analysed for plasma levels of highly sensitive C reactive protein, fibrinogen, high-density lipoprotein (HDL) cholesterol, triglycerides and glucose.
The MS status was defined according to the latest criteria from the American Heart Association. 2 However, we employed a modified version with a different cut point for plasma glucose since only non-fasting values were available. The cut-off point for triglycerides was not changed since recent research has shown only minor differences between fasting and non-fasting triglyceride values. 24 MS diagnostic criteria included central obesity (WC>102 cm in men, >88 cm in women), elevated triglycerides (≥1.7 mM or specific drug treatment for this lipid abnormality), reduced HDL-cholesterol (<1.03 mM in men, <1.30 mM in women), hypertension (≥130 mm Hg systolic and/or ≥85 mm Hg diastolic or antihypertensive drug treatment) and elevated nonfasting plasma glucose (>7.8 mM or antidiabetic drug treatment). The number of criteria met, the MS score, could take on values from 0 (zero criteria present) to 5 (all criteria present), with values ≥3 defined as MS. Subjects that could not be classified due to missing data in one or more of the five criteria were excluded.
Data were compared across groups using one-way analyses of variance or Fisher's exact test. Associations between exercise volume and intensity and MS risk were investigated by means of logistic regression adjusting for age at baseline and potential confounders. Each of the variables LTPA, jogging and walking speed were adjusted for the two others. All confounders were treated as categorical initially and only as linear variables after testing the assumption of linearity. All initial analyses were sex-specific. For the follow-up, data were pooled after initial analyses had shown no gender-related differences in associations with MS. Statistical significance level was set at p<0.05. All analyses were conducted using Stata V.10.1 (Stata Corporation, College Station, Texas, USA).
RESULTS

Cross-sectional analysis
The baseline characteristics by level of LTPA are presented in table 1. Subjects with higher levels of activity were younger and had a more beneficial CVD risk factor profile. Heart rate decreased with increasing level of activity indicating a higher level of cardiorespiratory fitness.
The overall prevalence of MS was 20.7% in women and 27.3% in men and closely linked to the LTPA level. In women the prevalence decreased from 31% in the sedentary to 10.9% in subjects reporting high level of LTPA. In men, corresponding prevalences were 36.8% and 13.9%, respectively (table 1).
The age adjusted OR for having MS at baseline decreased with increases in LTPA and walking speed and was lower in joggers, whereas association with walking volume was less clear (figure 1). Results were similar in men and women. After multivariable adjustment the associations were only slightly attenuated and remained highly significant with a clear dose-response relationship. Notably, simultaneous adjustment for walking speed and jogging had relatively little effect on risk estimates indicating that each of these three indicators of exercise volume and intensity had independent effect on risk of MS. In the age-adjusted analyses increases in walking volume seemed to lower MS risk in women. However, after multivariable adjustment the association did not remain significant.
Longitudinal analysis
Only 24 of the 3992 subjects free of MS at baseline who also participated in the fourth survey did not answer the LTPA section of the questionnaires. The baseline characteristics by level of LTPA for the remaining 3968 subjects are outlined in table 2. At the 10-year follow-up, 585 subjects (15.4%) had developed MS. The MS incidence varied between the different LTPA groups from 19.4% in the sedentary to 11.8% in the moderately or highly active. Participants with a high physical activity level were younger and had a more favourable CVD risk factor profile.
Both LTPA, walking speed and jogging conferred a decreased risk of developing MS at follow-up with somewhat weaker associations than found in the crosssectional analyses (figure 2). Multivariable adjustment including mutual adjustment for volume (LTPA) and intensity (walking speed and jogging) attenuated associations slightly (figure 2). Similar to the cross-sectional analyses, increases in walking volume did not convey decreased risk of MS development. Light physical activity less than 2 h/week was no longer associated with decreased risk of MS (OR 0.99 (0.71 to 1.38)).
DISCUSSION
We found a decreased risk of developing MS with higher walking speed, jogging and high levels of LTPA in both men and women whereas walking volume and light physical activity were not associated with MS development. Our data indicated that the risk of developing MS may be reduced as much as 35-50% in subjects who are more physically active.
MS is highly prevalent worldwide 25 26 and MS incidence is considered epidemic in nature. 13 In the present study population of 21-98-year-old Danish men and women living in Copenhagen in 1994, the average MS prevalence was 21% in women and 27% in men. In a similar Swedish study MS prevalence was 19% in women and 24% in men. 6 Even higher prevalences have been reported, 7 13 but direct comparisons between studies are obviously difficult due to differences in study population characteristics and choice of MS definitions and diagnostic criteria. Cumulated MS incidence during the 10-year follow-up was 15.4%, ranging from 19.4% in the sedentary group to 11.8% in the moderately to highly active group. In a meta-analysis by Ford and Li, 13 incidences of 10.4-17.5% were reported with follow-up time ranging from 4 to 23 years. Thus MS constitutes an increasing problem with important economic and public health implications.
Our results confirm the association between physical activity and MS risk found in earlier cross-sectional studies. 3 6 12 13 However, several longitudinal studies have failed to demonstrate an association between physical activity and MS incidence, suggesting that a low LTPA level could be the result of MS, rather than its cause. 9 17 In a population of 862, 50-year-old men free of diabetes and MS it was found that BMI and selfreported LTPA were independent predictors of insulin resistance at 20-year follow-up, indicating that obesity and physical inactivity could increase insulin resistance by independent pathways. 9 However, only BMI-and not LTPA-was a significant predictor of MS at follow-up. Correspondingly, a study of 714 White, Black and Hispanic men and women without MS at baseline followed for an average of 5.2 years found that self-reported physical activity at baseline did not predict MS status at follow-up. 17 In the CCHS, Berentzen et al 27 demonstrated that in 4808 men and women aged 21-81 years, LTPA did not have a significant effect on changes in waist circumference-a key component in the MSduring a 10-year follow-up period. In contrast to this, a 15-year follow-up study of 4192 young (18-30 years of age) adult men (45%) and women (55%) showed that physical activity was inversely associated with MS risk. 28 However, after multivariable adjustment the association was only significant when comparing the highest and lowest physical activity groups (OR 0.65). This finding suggests that there is a threshold below which physical activity does not confer protection against MS. In concordance with this, our longitudinal analyses showed that subjects who were physically active 2-4 h/week but who did not engage in physical activity with more intensity (fast walking, jogging) were not protected against the development of the MS. Interestingly, this finding also seems to apply to high-risk populations. A recent study including 486 middle-aged men and women at high risk of developing type 2 diabetes found that increases in moderate-to-vigorous LTPA reduced MS risk and could even lead to its resolution in individuals already diagnosed with the MS. 18 Changes in lowintensity LTPA did not affect MS development or resolution.
Our analyses did not indicate any evidence of a beneficial effect of increasing walking volume whereas walking speed and jogging both reduced MS risk after adjusting for volume of physical activity (LTPA), thus supporting the perception that intensity plays a key role in MS prevention. In a cohort of 612 middle-aged men with assessment of both LTPA and VO 2max , MS risk was lower at 4-year follow-up in men engaging in >3 h/week of moderate or vigorous LTPA and in men in the upper VO 2max tertile, 15 again pointing to an effect of the intensity of physical activity. In a cross-sectional study of 1069 middle-aged men, cardiorespiratory fitness was inversely associated with MS whereas there was no effect of lowintensity activity. 29 Other studies have confirmed cardiorespiratory fitness as a predictor of less progression towards the MS 7 10 even in high-risk individuals. 10 Similarly, Hassinen et al 19 found that high levels of cardiorespiratory fitness decreased the risk of developing MS and could even increase the probability of MS resolution in a population of 1226 men and women aged 57-78 years. In the CCHS, Schnohr et al 20 30 have previously shown that both jogging and walking speed rather than duration were protective of all-cause and CVD mortality. A recent meta-analysis of walking volume and pace on risk of coronary heart disease suggested a more Figure 1 Cross-sectional OR for MS. Age-adjusted and multivariable-adjusted ORs for MS risk by level of LTPA level, jogging and walking speed and volume at baseline 1991-1994. Reference groups are sedentary, slow walking speed, walking less than 0.5 h/week and no jogging, respectively. Multivariable adjusted models included LTPA, jogging, walking speed and volume, alcohol, smoking, income, duration of schooling, education, cohabitation and age. adj., adjusted; LTPA, leisure time physical activity; MS, metabolic syndrome.
pronounced dose-response protection effect for walking pace than walking volume. 21 A similar meta-analysis by Hamer and Chida 22 regarding the effect of walking on cardiovascular disease and all-cause mortality found that walking pace was a stronger predictor of overall risk than walking volume. Although the present study did not point towards any association between duration of walking and MS risk, potential health benefits could still ensue from increasing walking volume. Regardless, it seems that increasing walking intensity rather than Figure 2 Longitudinal analysis of risk of MS. Age-adjusted and gender-adjusted and multivariate-adjusted ORs for MS risk based on differences in LTPA level, jogging and walking speed and volume. Reference groups are sedentary, slow walking speed, walking less than 0.5 h/week and no jogging, respectively. Multivariable-adjusted models included LTPA, jogging, walking speed and volume, alcohol, smoking, income, duration of schooling, education, cohabitation and age. adj., adjusted; LTPA, leisure time physical activity; MS, metabolic syndrome. walking volume would be the sensible strategy in attempt to reduce MS risk. The primary strength of the present study is the considerable study population size that represents a random sample of the Copenhagen population making our results applicable to the general population. The longitudinal study design enables us to investigate the causal inference between physical activity and the MS. Combining a longitudinal study design with a large study population provides useful information about the relationship between physical activity and MS risk. Weaknesses of our study include the use of selfadministered questionnaires to assess LTPA level, which may result in poorer precision compared to more objective measures of physical activity. However, earlier studies have shown that self-administered questionnaires can produce reliable data when estimating habitual physical activity. 31 32 Our data do not include direct fitness level measurements or exact information regarding volume and intensity of physical activity, but it seems plausible that the combined information on jogging, walking speed and physical activity habits yield a fair estimate of volume as well as intensity. The study comprised relatively few joggers and the questionnaires used did not take jogging intensity into consideration. As a result of this we could not draw any conclusions regarding the effect of jogging intensity versus jogging volume on MS risk.
Furthermore, the questionnaires did not provide any information regarding diet or nutrition. Obviously, potential differences in dietary habits between the LTPA groups could have significant impact on the results of the present study. The use of a modified cut-off level for plasma-glucose in consequence of the lack of fastingplasma glucose measurements is unlikely to have introduced a significant bias towards an overestimation of patients with MS as the cut-off level deliberately was above levels normally seen in individuals with normal glucose metabolism.
PERSPECTIVE
Significantly lower risk of MS was found in the moderately and highly physically active groups compared to their sedentary counterparts whereas light physical activity and even more than 1 h of walking daily did not confer protection against MS. Participation in regular moderate or vigorous activity such as brisk walking could improve cardiorespiratory fitness and decrease MS risk. If results can be corroborated by intervention studies showing beneficial cardiovascular effects of increased walking speed, this may represent a low-cost intervention with minimal side effects and numerous significant health benefits.
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